Micron-size monodisperse polymer particles were prepared by dispersion copolymerization of methyl methacrylate with a hydrophilic poly(2-oxazoline) macromonomer in an aqueous methanol solution, in which the macromonomer acted as a comonomer as well as a stabilizer. A small amount of the macromonomer was sufficient to produce such polymer particles. The particle size decreased with increasing the amount of the macromonomer. From ESCA analysis of the particles, poly(2-oxazoline) chains were found to be locally present on the surface.
Introduction.
Recently polymer particles with functionalized surface have been extensively studied, since these particles are widely used in biomedical and technological fields. For their preparation, emulsion copolymerization of a typical vinyl monomer such as styrene with a functional group-containing monomer is often used. 1),2) We have recently reported a soap-free emulsion copolymerization of styrene with a water-soluble poly(2-oxazoline) macromonomer to produce monodisperse polystyrene particles in the submicron range, which possess poly(2-oxazoline) chains located on the surface. Preparation of monodisperse polymer particles in the micron range has received much attention in various fields; some of the methods for the preparation of the monodisperse particles are known.4~ Among them, dispersion polymerization in polar media is very convenient to produce particles with narrow size distribution. Especially, dispersion polymerization of styrene in an alcohol has been shown to control the particle size effectively.5),6) Our recent paper has revealed the preparation of micron-size poly(methyl methacrylate) (PMMA) particles with narrow size distribution by dispersion polymerization of MMA in an aqueous methanol solution using poly(2-ethyl-2-oxazoline) as stabilizer.7~ This paper describes preparation of monodisperse PMMA particles in the micron range possessing poly(2-alkyl-2-oxazoline) (PROZO) chains located on the surface by dispersion copolymerization of MMA with P'ROZO macromonomer 1, in which 1 acts not only as a comonomer but also as a polymer stabilizer.
In the present system, the amount of the macromonomer employed was much smaller than that of the polymeric stabilizer in the dispersion polymerization of MMA.7) In relevant to the present study, a macromonomer was used to copolymerize with a vinyl monomer and microsphere formation was observed;
however, the particle size was not controlled and the size distribution of the microsphere was not examined.W,9) In a test tube, 1.5 g of monomers (MMA and PROZO macromonomer 1) and 0.03 g of 2,2'-azobis(2,4-dimethylvaleronitrile) in 13.5 g of solvent (methanol:water=70:30 weight %) were incubated with shaking at a rate of 150 times per min in a thermostat. The copolymerization was carried out at 56°C for 6 h. Polymer particles were separated by centrifugation of the dispersion.
Measurements. Scanning electron microscopy (SEM) photographs were taken with a Hitachi H-8010 electron microscope. Gel permeation chromatographic (GPC) analysis was performed by using a TOSO SC-8010 apparatus with an RI detector under the following conditions : Gelpack GL-A130 column and chloroform eluent at a flow rate of 1.0 mL/min. Surface analysis by electron spectroscopy for chemical analysis (E SCA) was carried out with a Shimadzu ESCA 750 apparatus.
The measurement was made using MgK radiation at 5 kV. The spectra of N1~ and C1 were recorded in binding energy regions, 410-390 and 298-278 eV, respectively.
Results and discussion. Three kinds of PROZO macromonomers la-c were used in this study. The dispersion copolymerization of MMA with the macromonomer was carried out with a radical initiator in an aqueous methanol solution. The resulting particles were Fig. 1 . SEM photographs (a and b) of PMMA particles prepared by dispersion copolymerization of MMA with la. The amount of la was 0.2 wt% for the total monomers in a mixed solvent of methanol/water (70/30 wt%).
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[Vol. 67(B), analyzed by SEM. Fig. 1 shows SEM photographs of PMMA particles prepared by using macromonomer la of 0.2 weight % for the total monomers. The PMMA particles were monodisperse in the micron range ( Fig. 1(a) ) and the surface of the particles was smooth ( Fig. 1(b) ). Fig. 2 shows the effects of the amount of la on the particle size and size distribution.
The particle size increased with decreasing the amount of la. Monodisperse polymer particles in the micron range were obtained when the amount of la was 0.20.8 weight % for the total monomers. Above or below this range of the macromonomer amount, the size distribution became slightly broader.
Macromonomer lb, whose molecular weight is lower than that of la, was used for the dispersion copolymerization (Table I) . Micron-size PMMA particles with relatively narrow size distribution were obtained when the amount of lb was from 1.0 to 2.0 weight % for the total monomers and the diameter increased with decreasing the amount of lb (entry 5-9).
For the preparation of monodisperse polymer particles, lb needs a larger amount than la, indicating the less efficiency of lb than la as a stabilizer. Fig. 2 . Effect of the amount of la on the particle size and size distribution. It is well known that the hydrophilic-hydrophobic nature of PROZO is controlled by the substituent group." "2~ The hydrophilicity of PROZO with ethyl substituent is less than that with methyl substituent. The effect of hydrophilicity of the macromonomer on particle size was examined by using la (R=CHJ) and lc (R=C2H5), whose molecular weight values are very close. In the same amount of la and lc, the particle diameter obtained by la was smaller than that by lc (entry 3, 4, 10 and 11). These data imply that a higher hydrophilic macromonomer stabilizes polymer particles more effectively.
In cases of the dispersion polymerization of MMA using a highly polar homopolymer such as poly (2-ethyl-2-oxazoline) or poly(N-vinylpyrrolidone) as a polymer stabilizer, more than 10 weight % of the stabilizer of higher molecular weight (Mw > 40,000) was always necessary to obtain micron-size particles with narrow size distribution.? "3>,14~ The present method, on the other hand, provides the first clear-cut example that the small amount of 1 with relatively low molecular weight is enough to produce such polymer particles of MMA, i.e., the macromonomer 1 acted as a very efficient stabilizer for the preparation of monodisperse micron-size polymer particles. Especially la was efficient with a very small amount (< 1 weight % for the total monomers), which is the one-order's less compared with that in conventional dispersion polymerizations. In order to examine the surface composition of the particle, ESCA analysis of the copolymer particles was performed. The molar ratio of repeating units of PROZO and PMMA was calculated by the peak areas of N1 and C1 in the ESCA spectrum. The sample used was prepared by using macromonomer la of 0.8 weight % for the total monomers. The ratio determined by ESCA was 0.31, which is much larger than that calculated from the feed ratio ([PROZO]o/[PMMA]o=0.0092).
This value indicates that PROZO chains are very much enriched on the surface of the particles.
In conclusion, the present method is the first example in which monodisperse polymer particles in the micron range can be prepared by dispersion copolymerization of MMA with a very small amount of macromonomer 1 as a comonomer as well as a stabilizer. These copolymer particles may find applications for biomedical and coating purposes as functional particles.
